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1. A casa^tte cainprislng ^ plurality of cartridges^ for 
dispensing drops of liquid in the range ifl - 500 nl 
tKerefrom, each cartridge comprising a liquid reservoir 
and an outlet mecnber Tnounted so as to close an opening 
in tho. liquid reservoir at one end therc^of ^ said outlet 
meinber providing an outlet port through which said 
liquid can be forced by a pulse of pressurised g^B 
applied to the liqpaid ^t the other end of the liquid 
reservoir, thereby, fom^ing ^ said drop. 

2 . h caeeette ag claimed in claim 1 wherein at laast 
the liquid reservoirs of said cartridges are formed 
integrally with onft Another. 

3. A caeaette aa claim^^d in claim 1 or 2 wherein said 
outlet port conprises an aperture in said outlet member . 

4. A cassette as claimed' in claim 1 or 2 wherein said 
outlet port cojnprisee ^ protruding noz3l$, 

5. A liquid dispanaing app ara tus c^niprieipg a^^^ 
reservoir^ an outlet port and driving means for forcing 
liquid through es-id outlet port^ said driving means 
coTwprieing means for generating a pulee of gae which 
inpingee upon liquid in the reservoir so as to force 
licjuid through the outlet port. 

An apparatus as claimed in claim 5, wherein said 
outlet port ip forTn^d integrally with the or each liquid 

reservoir, 

7. An apparatus as claimed in claiTn 5 wherein .eaid 
outlet port is provided by a 3eparate outlet meniber 
which is mounted so as to close an opening in the liquid 
reeervoir , 
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e. An apparatus a.s claimed in claims 5, S or 7 wh&rein 
said outlet port and liquid reaarvoir are moulded from 
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Xj-c ^id Dispen£Ldrta.. Apparatus 

This invention relates to liquid dispensing 
S apparatus and in particular to liquid dispensing 

apparatus which are *ible to daspenee srftall volumes of 
liquid. 

In certain applica t i nn^s it is desirable to be able 
to dispense very small volumes of liquid from a 
xo container, for example in the range 10-500 nanolitres 

(nl) - Drops of this siz<B cannot normally be produced by 
pumping liquid out of a capillary since surface tension 
v;ill hold tha drop to the tip of the capillary until it 
B is sufficiently Isrge that its weight overcomes Chis 

% 15 surface tension. This does not happen until the volume 

|jj of the drop is of the order of lO to 50 microlitres - 

ifi i.e. 2 to 3 orders of magnitude greater th^^n the range 

of interest. 

Devices are available which overcome this 
20 1 imitation by forcing a measured amount of liquid 
through the tip of a nozsle using a pieso-elactric 
actuator acting on the liquid, Kowe-u-er such systems are 
P expensive and may only be used with a single type of 

liquid at a time - thu3 multiplying the cost where 
25 several different liquids need to be dispensed- 

It is an object of the present invention to provide 
an improved apparatus and when viewed from a first 
aspect the invention provides s liquid dispensing 
apparatus comprising a liquid reservoir, an outlet port 
30 and driving m^ans for forcing liquid through said outlet 
port, said driving means co^r,prising i^eans for generatincf 
^ a pulse of gas which impinges upon liq^iid in the 

reservoir so as to force liquid through the outlet por-t , 
ThU3 it will be seen that in accordance with the 

i. 

35 invention licjuid m^y be dispensed by forcing it through 
the outlet port by means of a pulse of gas. The volume 
of liquid dj.spensed may he controlled by adjusting the 
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amplitude and duration of the ga$ pulse. It has been 
found that this enables accurace control c£ the volume 
dispersed, down to the order of SC-500 nl m th^ 
preferred emfaodinient , Furchertnore as a gas is used as 
5 the medium for transmi ttirig force to the liquid, it is 

not neCiS^sary for any part o£ the driving means to be in 
contact with the liquid co be dispensed. This has cle^r 
advantages both fro^ the point of view o£ preventing 
contamination of the liquid and also the reduced 
10 necessity co clean the appar^itus. 

As the driving impulse is applied to liquid in the 
reservoir, it is not necessary to have ^ny part a£ the 
driving ir^eans arranged in the vicinity of the outlet 
p port- This means that tne outl*t port can be simple to 

& ^5 manufacture and the outlet port may even be provided on 

y a disposable rrernJoer 



1^. 



20 



In one preferred arrangement in accordance with the 
invention, the outlet port i5 an integral p^rt of the 
apparatus. In a particularly preferred embodiment one 
or both of the outlet port and the liquid reservoir are 



0 moulded from a suitable plastics material, thereby 



allov7ing them to be made disposable. More preferably 
in the outlet port and liquid reservoir are both moulded 

froTB suitable plastic^, most preferably integrally with 
25 each other, to form a cartridge. Alternatively such s 
cartridge could be made from one or more other suitable 
materials such as silica or stsinless stael. 

Cartridgea of the kind described above may be 
provided singly, bxit preferably a plurality are provided 
3D in a cassette. Such an arrangement is novel and 

advantageous in irself and thus when viewed from a 
second aspect the present invention provided a cassette 
comprising a pluralitiy of cartridges for dispensing 
liquid therefrom, each cartridge comprising an outlet 
3d port in the form of a protruding nozzle and a liquid 
reservoir integrally formed ther<swith. 

Preferably the cartridges are formed integrally 
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with one another to form s&id cassette. 

The invention makes it possible, at least in some 
preferred emboditnents , to provide cartridges pre-filled 
with the necessary liquia and having the required outlet 
5 pore formed integrally there<^-ith- All th£t is necessary 
then is simply to place the liquid resex'voir of the 
cartridge or each cartridge of 5 cassette of cartridges 
in aaseo-us communication with 5 means to generate gas 
pulses, in ordex to form a liquid dispensing apparatus 
10 in accordance with the. first aspect of the mvennion. 

This is extremely convenient to a user who thus does not 
need to be concerned wich filling reservoirs with 
liquid, cleaning the outlet port etc. indeed in at 
3 leasi: preferred embodiments of this aspect of the 

i! 15 invention, contact with the liquid to be dispensed may 

'^l be cowpietely avoided- 

Jj II, other preferred arrangements the outlet port is 

1 provided by a separate outlet member which is mounred ao 

J 3g close an opening in the liquid reservoir. This is 

20 advantageous since it allows the liquid reservoir and 
1 outlet rr.eTT>ber to be rr>^de from different materials each 

of which can be optimised :or its function. For 
example, the dissensions of the liquid reservoir may be 
relatively uncritical and so it could be made relatively 
inexpensively, e.g. as an injection moulded plastics 
component. On the other hand, the dimensions of the 
outlet port of the outlet member are likely to be more 
critical and it might for example by made to a tighter 
tolerance, e-9- from metal. 

As above, the outlet member and liquid reservoir 
preferably together form a cartridge, and in preferred 
embodiments a cassette comprising a plurality of such 
cartridges is provided. Thus when viewed from a further 
aspect the present invention provides a cassette 
35 comprising a plurality of cartridges for dispensing 
liquid therefrom, each cartridge comprising a liquid 
reservoir and an outlet member mounted so as to close an 
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opening in the liquid reservoir, said ouclet member 
providing an outlet port chrcugh which said liquid can 
be tcrced by a pulse of pressurised gas. 

preferably at least the liquid reservoirs o£ &aid 
5 cartridges are formed intiegrally with one another to 
form said cassette. 

Xn som^ preferred embodiments the oiitl«t port 
comprises a protruding nozzle, f^-g. a capillary tube. 
The bore of such a nozzle is preferably within the range 
10 0.05 to 0.2 rr.m, most preferably about 0.1 mm. The 

length of the nosiale is preferably in the range 1 to 15 
mm, Riost preferably S mm. 

More preferably, the outlet port comprises an 
aperture in a wall of the liquid reservoir- The 
£1 ^5 aperture is chosen in size to give nhe required volunae 

ot drop when a given pressure pulse is appl3.6d. The 
aperture however should be small enough that the surface 
tension in the liquid m the reservoir prevents it from 
leaking through. 

In accordance with the first and second aspects of 
p the ir^vention, the wall of the liquid reservoir in which 

N' the aperture is provided may be integral with the 

reservoir but preferably it is a separate wall member 
mounted so as co close an opening in the liquid 
25 reservoir. 

Where, as is preferred, a plurality of cartridges 
together form a cassette, -each may have its own such 
wall tnember or two or more of the cartridges may share a 
wall mSTTl^ier with an aperture for each cartridge* 
30 A single aperture may be provided for the or each 

liquid reservoir, or more may be providtsd to increase 
the volume rhat may be dispensed without increasing the 
size of the apercure (which could give rise to a greater 
probability of leaking) . ^ 
35 The aperture could be any shape, but most 

conveniently it is round. However, it larger volumes of 
iquid are required an elongate slit could for example 
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by employed. 

In preferred embcdiments the aperture is becwe^n 2 
and 3 00 micrometers wide, preferably approximately 4 0 
TDicrometers . If the aperture is a alit it could for 
5 example be 40 x 500 micrometers. 

The wall member could be made from any suitable 
TT^terial, e pletstics, metal, glass or ceramics. 
Preferably it has th6 opposite relationship to water as 
the liquid for which it is intended to used, i.e. 
10 preferably the member 15 hydrophilic if the liqu-d is 
hydrophobic and vice versa. It m^iy have any suitable 
thickness, but preferably it is between 10 micrometers 
and 1000 rrticrometers (1 mm), most preferably 
^.^ approximately 50 micromecsrs, 

15 The aperture may be formed by suitably precise 

technique e.g. etching/ elcctropiatino, laser drilling 
or mechanical drilling. 

The wall member m^y be fixed to the or each liquid 
fU reservoir in any suitable manner e.g. gluing, ulcrssonic 

20 welding, friction welding etc. In one preferred 

erabodimeiit the liquid reservoir tapers tov;ards its op^i^n 
1==^'^ end and the wall member is pressed into an interference 

^' fit with the taoer^d end. The wall member th**refore 

fil preferably h^s the same peripheral shape as the lii^uid 

25 reservoir, most preferably this being round. The 

diameter of the wall member in svch a case is preferably 
between 0,5 and s mm, most preferably approximately 2 
• Tm. 

The cartridge or e^ch cartridge of a cassette may 
30 be filled with a suitable liquid prior to use^ e.g. a 
lyophilised reagt^nt which is dissolved in water when 
reqxured. The preferred embodxrr.ents of the invention in 
which the liquid reservoir is adjacent the outlet port 
are advantageous in this context since just the required 
:35 amount of reagent can be made -up as required without 

extra being required to accoinniodate dead space in pipes 
etc- 
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Cassettes o£ carcridge^ in accordance with the 
invention as described above are useful in many 
applications including' bui not lin^ited to i.mmuno assays, 
cell assay, drug screening snd they are particularly 
5 useful for sequencing DNA using the method often 

referred to as '^Sequencing Ey Synthesis" as they allow 
for example a cassette having cartridges connaining sach 
of the four nucleotides required for DK'a sequencing. 
Preferably therefore nhe cartridges respectively contain 

10 one or more nucleotides. The ability to provide a 

plurality of cartridges ir. & single cassetztc^ further 
allows «L ccmplete set of resgencs required for ci 
sequencing pro^rstmme tc be provided. Thu5 preferably 
further cartridges of the cassette respectively contain 

iH one or more ens^ines, TTiors preferably sel<^cted from s 
group coTT]pri5ing polymerase, iuciferase, adenosine 
triphosphate (AT?) sulfurylase, and a nucleotide- 
degradii^g enzyme s\ich as apyrase - Such a set of 
rea^gents is particularly useful for the method of 

20 genetic sequencing set out in WO 96/13523. Indeed it 
will be appreciated that the invention extends to a 
method of genetic aequencina using a liquid dispensingf 
apparatus or cassette as herein described. 

As discussed above, cartridges of the kind 

2S described above msy filled by a user with the 

appropriatifi Ix^^^jid as required. Alternatively the 
cartridge or each cartridge of a cassette is pre-filled 
with the appropriate liquid and sealed, the sesl being 
broken upon mounting the cartridge into an apparatus 

30 which includes the gas pulse generation means. 

Preferably the seal is broken by th§ action of Tnountmg 
the cartridge irito the apparatus. Advantageously a 
conduit for establishing gaseous communication with the 
interior of the liquid reservoir of the cartridge breaks 

35 the seal. 

It will be seen from the above that a sealed 
cartridge containing a liquid to bs dispensed l)y means 
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of apparatus in accordance with the fixst aspect of the 
invention is in itself not only wqv^I , but particularly 
convenient for a user and thus when viewed ttom a 
further aspect the present inver^tion provides a 
5 cartridge comprising s liquid reservoir having a 

predetermined liquid received therein, said reservoir 
being Closed at one end thereof i>y frangible sealing 
means, ^nd an outlet port attached to or integrally 
formed with said reservoir and in fluid communication 

10 therewith. 

As an alternative it will be se«n that the 
invention extends to 5 cartridge for use in $. liquid 
dispensing apparatus as hereinbefore described 
comprising ^ liquid reservoir, and an outlet port 

IS attached to or integrally ;^ormed with ^aid reservoir and 
in fluid communication therewith, in combination with a 
reagent, preferably a nucleotide or enzyme . 

The reagent ^.g- nucleotide or enay^e could be in a 
suitable liquid form or cculd be lyophilised. In the 

20 latter case a rsiadiiy available diluent such as water 

could be used, or a suitable diluent could instead also 
be provided as part of the corribinaiiion . 

The frangible sealing means preferably comprises & 
foil membrane e.g. of aluminium covering an opening onto 

25 the reservoir. This is a cost-«f ^^^ctiv© way of 

retaining li^Juid in the reservoir without it becoming 
contaminated^ whilst at thp. same time being relatively 
easy to pierce - e.g. by a gas nozzle associated with 
cha gas pulse generation msans. 

30 The predetermined liquid preferably comprises a 

nucleotide or an ensyme . 

Where an enzyr^^ is provided, either as the 
predetermined liquid in a pre- filled cartridge or as a 
separate reagent to be added by a user, the enzyme is 

35 preferably selected from, a g^roup comprising polymerase, 
lucifer^se, adenosine triphosphate (ATPJ sulfurylase, 
and a nucleotide^degrading enzyme such as apyrase. 
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The means for a^i^erating the gas pulses may 
comprise any ^i^itabie means - e,g. e bellows arranged to 
undergo a 2r«?p-d reducti:Dn iri volurr.^. Preferably hov/ever 
the pulse gener^stion means comprises a source of 
5 pressurised gas which may be selectively placed into 
comiTiunication with the liquid reservoir. Such 
arrangements are especially beneficial since a single 
source of pressurised gas Tnay be used to drive a 
plurality of liquid ^reservoirs, thereby giving a 

10 significant saving an cost over arrangements where 

driving means are individually provided for each of a 
nurr.ber of mozzles, Means for selectively placing the 
liquid reservoir into corr.municaticn with the source of 
gas may be provided for each of such liquid reservoirs 

IS or t^o or more of them may be associated with a single 
selection rneans so that their contents axe dispensed 
sin-^ultaneously - 

Preferably one or nore valves is provided to effect 
said selective communi coition and in the preferred 

20 embodiment an electromagnetic valve i^ used. This is 
particularly advantageous since electromagnetic valves 
can be operated very quickly $nd accurately with little 
mechanical wear. 

VThere, as is preferred, the apparatus for 

2S dispensing liquid comprises gss pulee generation means 
in the form of means for selectively coinmuni eating a 
source of pressurised gas with the liquid reservoir, the 
source of pressurised gas may be comprised within the 
apparatus. Most preferably the source of pressurised 

3 0 sas comprises a compressor supplying a pressure 

reservoir. Alternatively , the apparatus may comprise a 
gas inlet for connection to an external source of 
pressurised gas. In either case the sipparatus of the 
invention preferably comprises means to regulate the 

3S pressure of the incoming gas thereby allowing the 
amplitude of the pulses generated to be . accurately 
controlled and thU3 the volume of liquid to be 
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accu^rately controlled as 3 consequence. The pressure 
regulation m^^ans may comprise a mechanical release valve 
or the like. Preferably however such means comprises an 
electronic pressure sensor which is usee to monitor the 
S pressure in the reservoir or gas inlet and means for 
increasing or decreasing said pressure in response to 
the signal from the pre$3ure senior to maintain the 
pressure within a predetermined rsr*ge. 

Ths gas pulse generation mccir.G preferably generates 
10 pressure pulses having an amplitude in the r«nge 20D to 
1000 TY^illibars, with a pulse width in the range l-lOOD 
milliseconds. This enables volumes in the range 50 nl 
to 10000 nl (lOAil) to be dispenst^d. 

Certain preferred embodiTnents of the present 
15 invention will now be described, by way of example only, 
with reference to the accompanying drawings in which 

Figure 1 is a schematic view of a cassette of 
cartridges and liquid dispensing appara^ius in accordance 
with the invention; and 
10 Figure 2 is a cross-section through a cartridge in 

accordance with a second embodiment of rhe invention. 

Turning to Figure 1 there ray be seen a liquid 
disoen^im apparatus comprising a cartridge C5i33ette 
Pi design^ited ger^srally by the reference numeral 1. Thxs 

IJ 2S cassette contains eight cartridges 2, three of which are 

visible in the drawing. Each cartridge 2 is partly 
filled with a reagent 4 used for genetic sequencing. 
The volume of the cartridges is approximately 2 ml. 
Different reagents 4 are provided in each cartridge 2. 
3 0 Specifically , four of the ca^rcridges 2 contain the 

deoxynucleotide triphosphate of on^ each of the four 
bases cytosine, guanine, adenosine and thymine. Four 
further cartridges 2 contain polymerase, luciferase, 
apyrase and ATP sulfurylase. Sgually however some or 
35 all of the cartridges could have the same contents. 

At the end of each cartridge 2 there is a capillary 
nozzle 6. This nozsle has a bore of o.i mtn. in the 
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depicted embodiment the nozzle e is integrally ?noulded 
with the rest of the cartridge 2 from a polymer. 
However the cartridge could be formed with meaDS to 
receive a S(Sp^rac;e nozzle. 
5 The cassette 1 has outer case 8 which protects 

the cartridges 2 from concaminat icn by the user handling 
them and conversely protects the user froni having to 
come into contact with the liquid being dispensed or the 
very fine, i.e. sharp iiozale$ 6- Apertures lO sre 
10 provided in Lhe base of' the cassette casing 3 v;hich are 
aliened with the uozzl&s € to allow the licuid through- 

At the upper and o: the cassette 1 a thin metal 
foil 15 is prcv^dsd over the tops of the cartridges 2 to 
p seal them. Th** foil 16 extends across the open upper 

CI 15 end of the cassette 1 xormed by ths side walls of the 

fj casing 8, but slightly downwardly s^t from the top edge 

m so 5S to leave un unstanding lip around the top of the 

& foil 16. 

|y The cassette 1 is installed in a carriage 18 which 

p 5 

f 20 can be moved laterally in both directions over a Micro 

0 Ticre Plate (MTP) 12. The MTP has 96 w^lls 14, three of 

which are shown. The cassette i is actually received in 
a downwardly tapering charri?er 20, so as to rest on an 
apertured plate 22, the apertures of which are in 
IJ 25 alignment with the apertures 10 m the cassette and, 

when the carriage IB is properly positioned, also with 
the wells 14 of the MTP 12- 

The caasette 1 i* retained in the chamber 20 by 
means of s hinged lid 3; having a rubber seal 24 on its 
30 underside which is a tight fit inside the lip at the top 
edge of cassette casing B- The seal 24 is arranged also 
to ensure that the cartridges 2 are sealed with respect 
to one another as well as with respect to the lid 3 . 
Mounted in the lid 3 is an array of punching 
35 cannulae 26, ons for each of th« cartridges 2. These 
cannulae 28 have sharp tips and so as the lid 3 is 
hinged downwardly onto the cassette i in the chamber 20, 



I 



j^F.E0M--BAKERB0TT3 



(TUE) 9. 18' 01 8:49/ST. 8. 'SS/NO, 4860225523 P 15 



wo m564S5 



l>CT;GB0a/01029 




- 11 - 



D 

a 
pj 

El 
III 



the cannulas 23 pierce the foil 5eal 2S. The other ends 
of the cannulae are each connected by means of pipe 26 
CO an electromagnetic valve (not $hown) which 
sele<^tively connects the pipe 2& to a source ot 
5 pressurised gas for a predetermined time to produce s 
piilse of gas^ The pressurised gas is generated by a 
compressor type EC G^nius/M 202 33 05 EU.SV.C vhxch is 
corpmer cially available froir^ Pini, Zola, Predos«, Be - 
Italy. 

10 The pvslsc of gas forces a measured amount oi 

reagent 4 out of the cartridge 2, through tha no2zle 6 
and into the corresponding well on th% MTP 12. A 
500 millibar pulse, for 10 milliseconds dispenses 
approxim3.tely 200 nanolitres of reaoent into the well 

15 1*1, ^^eag-ent is only dispensed from one of the 

cartridges 3 at a cims although simultaneous dispensing 
is also possible and this could be useful e.g. where a 
plate having a greater number of wells was used with an 
interleaved series of wells used so that dispensing into 

70 the wells of several distinct series can be carried out 
Without Tnoving the carriage 18. 

Once the reagents in the cartridges hav^ been used, 
the cassette may simply be reiT^oved by opening the lid 2 
and replaced with a new one, the fresh seals being 

25 broken by the cannulae 2S- Since neither the cannulae 
26 nor any other permanent part of th*^ apparatus comes 
into contact with the reagents at any stage, there is 
little chance of contamination and it is not necessary 
to clean the apparatus between uses, even if different 

3 0 reagents are being used. 

Figure 2 shows part of the cartridge 30 of another 
embodimont of the invention. It will be seen that the 
liquid reservoir 32 tapers at its lower end 32a to forrn 
opening circumscribed by an annular lip 34. The 

35 reservoir 32 and lip 34 are integrally formed in 

injection moulded plastics. The bottom opening is closed 
by a thin metallic foil disc 36 which has a central 
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aperture drilled into it. The disc 36 is pressed into 
the end of the liquid reservoir 32 thereby forming ^ 
fluid-tight interference fit. The disc is 2 mm in 
diameter and 50 microTtieters thick. The aperture is 
S essentially circular with a diameter of approximately 40 
micrometers. This is sufficiently sn-.all to prevent any 
leakage of liquid from ths reservoir 22. 

This embodiment oper^ites in exactly the sam» way as 
the embodiment already described, although xt wxll be 

10 appreciated that it has the additional benefits that ths 
size of the aperture is easier to control precisely than 
is the bore of the capillary tufce, and furthermore there 
is no potentially hazardous shai-p tip. 

Although emboditnents of the invention hav.ing s 

15 cassette comprising several cartridges have been 

described, xt wrll be understood by those skillsd in the 
art that the invention Is not lirnited to using several 
cartridges and that a single cartridge reservoir could 
be used instead. Furthermore, the liquid reservoir need 

20 not be removable and could instead be an integral part 
of the apparatus- 
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a.. A csssette cotnpnsmg a plurality of cartridges for 
dispensing liquid theretx^oir, each c^irtrldge comprising a 
licuid reservoir and an outlet member mcjunted so as cc 
close an opening in the liquid reservoir, said outlet 
meniber providing outlet port through whinh f^and 
liquid can be forced by s pnls*^ of pressurised gas. 
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10 2. A cassette as claimed in claim 1 wherein at least 
thft liquid reservoirs of said C5.^t3:idg*&s are fo^&6 
in^egfrally with one another. 

3. A cassette as claimed in claim i or 2 wherein said 
1$ cutlet port comprises an aperture in said outlet member, 

4. A cassette as claimed ir. claim i or 2 wherein ^aid 
outlet port comprises a protruding nossie, 

20 5. A li^j^id dispensing appsrauus ccmprising a liquid 
reservoir, an outlst port snd driving means for forcing 
liquid through said outlet port, said driving weans 
comprising means for generating a pulse of cas which 
impinges upon lig^uid in the reHervoir so as to force 

25 liquid through the outlet port. 

6- An apparatus as claiit^ed in claim 5, wherein said 
outlet port is formed integr5.1iy W3.th the or each liquid 
r^stirvoir . 

30 

7. An apparatus as claimed in claim 5 wherein said 
outlet port is provided by a separate outlet member 
which is mounted so to close an opening in the liquid 
reservoir. 

35 

8. Ail apparatus as claimed in claims 5j 6 or 7 wherein 
:^aid outlet port and liquid reservoir are moulded from 
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plastics to form a cartridge. 

9 . An apparatus as claimed in claim S comprising a 
c^sB^tz^, said cassette comprising a plura,Xity of said 
5 carcridgtas . 



10. An apparatus as claimed in any of claims 5 to 9 
wherein the pul,ae generation means comprises a source of 
pressurised gas which tnay be se3.{*ctiv(;ly placed into 

10 ccTnx.uniciation with the liquid reservoir- 

11. ATI apparatus as claimed in claim 10 wherein one or 
mare electromagnetic valves is provided co effect said 
selective communication* 

15 

12- An apparatus claimed in any of claiws 5 to 11 
wherein said gas pulse generation means is arranged to 
generate pulses having an amplitude in r.he range 20O to 
1000 millit>ar3. 

20 

13, An app^rt^tus as claimed m any of claims S to 12 
wherein said g^s pulse generation meatus is arranged to 
generate pulses having a vidth in the range 1 to 1000 
milliseconds . 

14. An apparatus as claimed in any of claims S to 13 
wherein the or each cutlet port compriisfes a protruding 
noz2le. 



30 15. A cassette or apparatus claimed in any o£ claims 
5 to 13 vherein said outlet port comprises an aperture 
in a wall of the li<juid reservoir. 

16, A csssette or apparatus as claimed in claim 3 or 15 
35 wherein said aperture has a width of between 2 and 300 
micrometers - 
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17, A cassette comprising a plurality of cartridges for 
dispensing liquid therefrom, each cartridge coir.prising 
an outlet port in the form of a protruding ncszle and a 
liquid reservoir integrally forn'.ed with the outlet port. 

5 

Ifi. An apparatus or cassette as claimed in any 
preceding claim wherein the or each li<5Uid reservoir 
contains a quantity of liquid ^nd is closed at one end 
thereof by a frangible sealing means. 
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13. A cartridge comprising a liquid reservoir having a 
predetermined liquid received therein, said reservoir 
being closed at one end thereof by frangible sealing 
means, and a nozzle attached to ox integrally formed 
with said reservoir and in fluid coir.munication 
therewith. 

20. An apparatus, cartridge or cassette as claimed in 
claim 18 or 15 wherein said frangible sealing means 
comprises a foil membra.ne . 



21. An apparatus, cartridge or cassette as claimed in 
any preceding claim wherein said liquid reservoir 
m contains a nucleotide or enzyme . 
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22. An apparatus, cartridge or cassette as claimed in 
claim 21 wherein said liquid receiving reservoir 
contains an enzyme selected from a group comprising 
polytnerase, lucifera^e, sdenosine triphosphate (ATP} 
sulfurylase, and a nucleotide-degrading enzyme such as 
apyrase. 



23. A liquid dispensing apparatus including a cassette 
or cartridge as claimed in any of claims l to 4 or 15 to 
35 22. 
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